Electron microscopy (EM) provides detailed structural information of biological samples but limited functional insight. In contrast, light microscopy enables dynamic imaging of fluorescently labeled molecule and organelles but misses the underlying structures. Correlative Light and Electron Microscopy (CLEM) combines the strengths of these two approaches by allowing the precise localization of fluorescent molecules in the context of the surrounding ultrastructure of a biological sample of interest (i.e., cell, tissue, organism). In doing so, CLEM provides a powerful tool for revealing mechanistic links between the position and putative functions of the molecules that are being tracked.
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In recent years, new CLEM methodologies have been developed to overcome remaining technological challenges, namely a sample preparation protocol that works across multiple imaging systems including light microscopy, scanning EM (SEM) or transmission EM (TE(TEM), , while preserving both the native structural organization of cells/tissues and fluorescence. An important unmet need is the maintenance of native conformations of lipid-rich structures, such as cell membranes, which are prone to deformation by the organic solvents that are used in EM. The other challenge lies in dealing with fluorescent molecules that are easily bleached by organic solvents. Given these challenges, we tested a series of methods, aimed to achieve the following goals: 1) Retain the integrity of lipid-rich membranes; 2) Resolve structures to a nanometer resolution; 3) Preserve fluorescent signals; and 4) Apply CLEM to a broader range of biological samples. We devised a three-step-procedure three-step procedure: 1) Plunge freezing for instantaneous fixation; 2) Freeze drying in cold nitrogen gas (GN2); and 3) Critical point drying (CPD). Here, we report a new sample preparation procedure, coupled with a freeze drying method that relies on gaseous nitrogen (FDGN2 method), which results in unprecedented structural preservation of biological samples using high vacuum SEM 1 .
We have also extended the applicability of the FDGN2 method to TEM. After dehydration (and possibly SEM examination), samples were infiltrated with Lowicryl HM20 resin and embedded at -50°C. Thin sections were cut and examined by fluorescence microscopy and TEM. and an electron microgram from a TEM thin section (JEOL 100CX) of a hepatoma cell (Huh-7.5) with RFP tagged mitochondrially-tethered IFN-β promoter stimulator protein 3 and (F) its ultrastructure from a TEM thin section. Dark outline indicates a remaining conductive iridium coating used for SEM imaging prior to TEM sample preparation. In this case, the RFP signal was imaged prior to the conversion of the SEM sample to a TEM sample.
